One of the most important problems in epidemiology is the analysis of that train of circumstances which leads to the spread of infection in extensive or epidemic form. In the past, the question has been attacked largely by reflective methods, and one finds that stress has been placed on the influence of weather, of season, of sudden accessions of virulence of bacteria, or that the difficulty has been evaded by deferring to the "genius" of the epidemic, but none of these hypotheses afford scientifically acceptable explanations. Consideration of healthy carriers of pathogenic bacteria, which has been the key-note of epidemiological study in recent years, seemed at first to offer a solution for the obscure phenomena of the spread of infectious disease, but important as the principle of the carrier state may be, and while it makes clear the location of storehouses of bacteria which may later give rise to clinical disease, it fails to indicate why carriers of virulent diphtheria bacilli, meningococci, streptococci, and other germs dwell harmless in our midst for long periods of time only to lead to epidemics later in ways that are unexplained. It is now generally recognized that accurate simultaneous analyses of many factors both clinical and bacteriological are necessary if advances in knowledge are to be made. An expression of this feeling is found in the recent work of Topley (1), of Amoss (2) , and of Webster (3) on animal epidemics which were propagated under rigidly controlled conditions.
But despite the obscurity which involves the mode of genesis of epidemic disease a few facts stand out clearly defined. There can be no doubt that crowding, especially when large aggregations of people are assembled in close and intimate contact, promotes the 367 spread of infection. This crude principle obviously of elementary importance demands more detailed analysis and if possible presentation in something approximating mathematical form.
The experiments which will be described were suggested by certain observations made in connection with an outbreak of acute tonsillitis among the students of the Johns Hopkins Hospital Training School for Nurses (4) . During the winter of 1922-23 there occurred in this group of about 200 young women some forty cases of tonsillitis. Inasmuch as there were many chronic carriers of hemolytic streptococci in the group it was assumed at first that the disease was acquired by susceptibles from carriers during the course of the general contact which existed in the wards of the hospital, in the dining room, assembly, etc., but when the strains recovered from various cases were identified it was found that in nearly every instance one was dealing with dormitory infection. This observation seemed to indicate that a high degree of intimate contact was necessary before clinical infection came about, although there was undoubtedly real opportunity for the susceptibles to acquire hemolytic streptococci elsewhere than in the living quarters (5) .
It was necessary then to consider the mechanism of respiratory infection from a different point of view. The observations discussed above suggested that in the case of a population whose resistance to a certain organism is in general high a certain critical dose, other things being equal, must be acquired before disease will be produced, and that even in the presence of many sources of infection and even if the causal organisms actually enter the upper air passages, any contact which leads to the acquisition of bacteria in an amount smaller than such a critical dose will be inadequate to produce infection at all. If this hypothesis is correct the perplexing problem of why the chronic carrier of pathogenic bacteria may exist in a community for long periods of time without consequent infection of susceptibles is immediately explained. The following experiments represent an attempt to reproduce in the test-tube conditions analogous to those of human infection and to control them with a certain degree of mathematical accuracy.
General Methods.
Throughout this work a strain of beta-hemolytic streptococcus was used. It had been isolated originally from a case of acute tonsillitis and was shown to be colony-pure by frequent platings. The organism was selected because it was easy to prepare media which were either favorable or antagonistic to its growth. Testtubes containing accurately measured amounts of media of various kinds were used to represent susceptible or relatively insusceptible people or animals. The criterion of "infection"' was taken to be the multiplication of the bacteria in the test medium as demonstrated by macroscopic growth and by colony counts in plated samples. The total volume of inoculum for all tubes was constant in each experiment (0.5 cc. of various dilutions of the culture) and the number of viable organisms in the inoculum was always controlled by preliminary plating in a favorable medium (ascites-meat infusion agar pH 7.4). The counting of streptococci is to some extent inaccurate since a colony on the plate indicates a chain and not a single organism but as the growth of the strain was uniform and very diffuse the results were regarded as comparable. Platings were made on blood agar at the end of the experiments to be sure that no contamination had been introduced.
It may be noted that the number of organisms demonstrated by preliminary control platings did not always vary directly with the amount of culture. This is due to the adherence of bacteria to the walls of the pipette in the higher dilutions but is of no importance in the interpretation of the experiments.
Relation of Dosage of Bacteria to Test-Tube Infection.
The first set of experiments was devised to discover whether in dealing with inoculation into relatively unfavorable media there was a critical dose which would produce infection in 100 per cent of cases, and whether any material lessening of the dose would lead not to a relatively smaller percentage of infections but to a number approximating zero.
Experiment .--Strain 205, beta-hemolytic streptococcus, originally isolated from a case of acute tonsillitis; has been kept in stock for about 4 months. 48 hour culture in meat infusion broth pH 7.4 inoculated into sets of four tubes each containing 5 cc. of the same medium. Increasing dilutions of the culture, made up in each case to a total volume of 0.5 cc., were inoculated into successive sets of tubes.
l Throughout this paper no attempt is made to use the terms "infection," "virulence," "susceptibility," etc., in an accurate technical sense except when specially indicated. The implication is clear from the context. 
+
This preliminary group of experiments was carried out to determine the ease of establishment of growth of the test organism in a highly favorable medium (meat infusion broth pH 7.4). It is seen that within 24 to 48 hours profuse macroscopic growth occurred uniformly in all sets of tubes although the inoculum in some was so small that control plating yielded from 0 to 2 colonies. This state of affairs may be thought of as analogous to the presence of a source of infection among a uniformly and extremely susceptible population. Under these conditions it is known that disease may occur in practically 100 per cent of those who presumably acquire even a minute dose of the virus.
The next set of experiments was designed to represent the exposure of sets of relatively resistant individuals to decreasing amounts of the same organisms used in Experiments 1 to 3. For this purpose tubes of meat extract broth pH 7.4, a medium unfavorable to the growth of hemolytic streptococci, were used instead of tubes of meat infusion broth. Otherwise conditions were unchanged. Theprotocol shows that while multiplication took place in 100 per cent of the tubes which received 640,000 bacteria as evidenced by macroscopic growth in 24 hours, none of the tubes which received 320,000 bacteria were infected. Furthermore, plating at the end of 3560 ------24 hours indicated that in the tubes which showed no macroscopic growth the number of viable organisms had decreased tremendously. The significant point then is that one-half of the dose which produced infection in 100 per cent of the series produced infection not in 50 per cent but in zero per cent; any dose short of the critical one was inadequate in spite of the large number of viable organisms which had been introduced as determined by preliminary plating. The subsequent events in this experiment as revealed by daily macroscopic inspection and by plating were of great interest. They will be discussed later in connection with lag. It is seen from Text- fig. 1 that the larger inocula multiplied rapidly, reaching o (macroscopic growth with innumerable colonies) in 24 hours. At 320,000 bacteria, however, there was a decided difference-multiplication did not occur; on the contrary at 24 hours the count in this tube was 16,000 and in the succeeding tube 8,000. All smaller inocula gave zero counts at 24 hours and there never was any growth in these tubes. At 24 hours another marked change is seen; the fourth tube now containing 16,000 bacteria showed rapid growth which reached oo at 48 hours, but in the fifth tube there was a further drop in the count to only 5 colonies. But now there occurred in this tube also a rapid growth so that at 72 hours it reached oo.
The next experiment was similar to Experiment 4. 
The result of this experiment is similar to that of Experiment 4. There was a critical dose which infected 100 per cent of each set of tubes, the dose immediately succeeding infected none of the next set of tubes. Subsequent events in this experiment are indicated in Text- fig. 2 . It is seen that doses of 125,000 or more bacteria multiplied rapidly and reached oo in 24 hours. There is again a critical change at this point and in the next few tubes there occurred what might be regarded as analogous to a temporary carrier state, the counts were practically unchanged at 24 hours. The third group of inocula of only a very few organisms eventually led to marked multiplication as shown in Text- fig. 2 , c, but except in the case of one tube never went ahead to oo. This finding will be discussed at a later point in this paper.
The next experiment was similar to the two preceding except that an attempt was made to attain greater refinement by decreasing the dose in successive sets of tubes by one-fourth instead of by one-half. In this experiment as in the preceding ones a critical point occurred below which no infection took place in spite of the relatively small difference between successive doses.
Many other similar experiments were done which all yielded the same result. In some cases the bacteria were centrifuged and resuspended before inoculation in order to rule out any confusing effect which might be due to varying amounts of the original culture material. Such a procedure in no way altered the phenomenon which has been described.
The essential feature of the preceding experiments has been the demonstration that when bacteria are placed in a relatively unfavorable medium in decreasing amounts a critical point is reached at which growth is uniformly inhibited. The point especially to be emphasized is that any dose materially short of that capable of producing active growth in 100 per cent of a set of tubes leads to growth not in a proportionally smaller number of tubes but in none of them despite the introduction of large numbers of viable organisms. While the dose decreases arithmetically the percentage of infections falls abruptly to zero.
In dealing with the practical problem of the control of infectious disease the question of contact has caused a good deal of confusion. From the technical public health standpoint the presence of a susceptible individual in the vicinity of a source of infection so that contagion theoretically might have been acquired is regarded as contact, but as is well known clinical infection often fails to follow. In fact carriers of pathogenic bacteria such as the diphtheria bacillus or. hemolytic streptococcus may live in considerable intimacy with susceptibles without the spread of disease or the development of other carriers. It is unlikely that these people who are exposed never actually acquire organisms from the carrier. There is some factor which prevents infection except under special circumstances. If the phenomenon which has been demonstrated in the test-tube held true in vivo the matter would be to some extent explained. We shall consider therefore several carefully controlled studies of human epidemics in this light.
Epidemic Meningitis.-The well known observations of Glover at the Caterham Depot (6) are especially significant. Among a military unit quartered in roomy barracks the meningococcus carrier rate was repeatedly found to be from 0.5 to 4 per cent, an essentially normal figure. When later, owing to the exigencies of the war, it was necessary to overcrowd the quarters and to reduce the spacing of the beds from 3 feet to 1 foot or less the rate immediately began to rise, reaching even the amazing figure of 70 per cent coincidently with an outbreak of clinical meningitis. As long as the close spacing of the beds was maintained the carrier rate continued excessively high, but as soon as the distance between beds was again increased to 2 feet the rate fell, gradually reaching normal, and meningitis no longer occurred. This sequence of events was twice repeated, indicating beyond doubt that the close approximation of the men in the sleeping quarters was the factor which lead to spread of meningococcus infection.
Diphtheria and Scarlet Fever.-Dudley (7) reports carefully controlled studies of an outbreak of diphtheria and of scarlet fever in a boys' school. It was noteworthy that all the cases occurred among the students who lived in the school and slept in the dormitories although there was also a group of day boys who mingled freely with the others " ....
Over 100 boys (day students) played, worked, and ate for over a year without returning a single case of diphtheria or scarlet fever, while 300 of the boys with whom they played, worked, and ate (resident students) developed one or the other of these diseases."
Influenza.-During the influenza epidemic of 1918 nearly 40 per cent of the nursing staff of the Johns Hopkins Hospital developed influenza (8) . At the same time only six of the patients in bed on the general wards were affected although they were attended by a staff which was constantly being stricken by the disease. The relative immunity of the bed patients cannot be explained by total lack of exposure but must have been due to a lower degree of contact than existed among the ambulatory group of attendants.
Tonsillitis.-Bloomfield and Felty (5) in a study of an outbreak of tonsillitis in a limited group of people showed that while healthy carriers of streptococcus were the sources of infection, specially close and intimate contact was necessary before clinical infection came about. General contact among the members of the group seemed to lead not to a proportionately smaller number of infections but apparently was inadequate.
A consideration of these examples reveals a state of affairs strikingly analogous to that which holds in the test-tube experiments. In each instance the one variable upon which seemed to depend the occurrence or non-occurrence of infection was the degree and constancy of proximity of the individual to the source of the causal organisms; i.e., the size of the dose. Studies of droplet distribution indicate that infected particles may be sprayed for a considerable distance, as far as 30 to 40 feet. It is clear, therefore, that many of the susceptibles in the examples quoted above were actually receiving pathogenic bacteria even at a time when no clinical infection occurred; it was only when crowding or contact reached some critical point that there was an abrupt transition from almost complete absence of infection to a high incidence of disease, and vice versa, below the critical point infection was not less in arithmetical proportion but became practically zero.
It seems then that in the case of a population which is relatively resistant to a certain type of infection one must consider contact of two sorts. First, one may speak of potential contact, which simply indicates that the individual has been within the widest possible range of distribution of the virus from its source. Secondly, one has to deal with adequate contact, which may actually be followed by clinical infection and which comes about only when the person has been in such proximity to the source of the virus that a dose greater than some critical value may be acquired. As has been indicated it seems that the likelihood of infection does not vary directly with the degree of exposure but drops suddenly at a certain point from a relatively high figure to approximately zero. As a concrete example one may consider a diphtheria carrier and his associates. The carrier constantly or from time to time distributes diphtheria bacilli to the outside world and these organisms are doubtless at times acquired by his associates. The number of organisms acquired, however, during such association as ordinary conversation or presence in the same room may be too few to produce infection (potential contact), whereas if the carrier coughs frequently and directly into the face of the associate the transferred dose may surpass the critical point and infection results (adequate contact). Guthrie (9) and his collaborators followed a large number of diphtheria carriers for over a year. During this time no case or secondary carrier appeared among the contacts. But the cultures (large dose) from the carriers sprayed into the throats of volunteers produced diphtheria almost uniformly.
In summary then, it may be that the usual harmlessness of respiratory tract carriers of pathogenic bacteria is due to the fact that the contacts acquire only inadequate doses of the organisms under ordinary conditions, and that an unusual and high degree of association is necessary, other things being equal, before an adequate dose is transferred. The situation may be diagrammed as shown in Text- fig. 3 . 
Summation of Dosage.
In the previous section it has been pointed out that in the case of an unfavorable medium a relatively large dose of bacteria is necessary to produce growth. The question naturally follows whether under these conditions there is some true synergistic action of bacteria which only comes about when a certain number are brought together in the medium or whether a dose of a certain magnitude is necessary before there will be included in it enough organisms in such a state of activity as to be able to multiply.
As far as the test-tube is concerned true synergistic or communal activity seems to have been demonstrated. Churchman (10) working with single bacterial cells showed that under the conditions of his experiments a minimum inoculation of thirty organisms was necessary to produce growth in 5 cc. of medium; smaller numbers were inadequate. On the other hand, thirty organisms would also produce growth in a much larger quantity of medium, as much as 1,000 cc. This phenomenon Churchman refers to as the communal activity of bacteria. One may mention also the observation of Gillespie (11) that multiplication of pneumococci in broth may be more readily initiated if the bacteria are floated on a bit of filter paper. Inasmuch as in natural contact the entire dose of virus is not always received at once but may be acquired in successive fractions at various time intervals it seems of the utmost importance to determine whether the consummated infection results from true synergistic action of multiple doses or whether such multiple doses merely afford more opportunity for a vegetative organism to be deposited at a favorable site for growth.
Dudley (7) has recently discussed this matter from the clinical standpoint and has brought out a principle which he refers to as the "velocity of infection." Its essential feature is the conception that the consummated infection comes about only when the virus attains a certain concentration in the susceptible, and that the critical dose may be the resultant of an accumulation of successively received subinfective doses.
"For the sake of argument, suppose that all the conditions are fixed and constant. An individual receives V amount of infective agent per hour. The defensive mechanism can destroy U amount of this infective agent per hour; then we may term V the velocity at which infection is received and U the velocity of destruction of infection. If U is greater than V, it follows that no infection can ever take place so long as the conditions remain unchanged, because the infective agent is being dealt with as fast as it can be received. But if V is greater than U, infection can take place, but only if conditions are in operation long enough. The time required will depend on how much greater V is than U, that is, on V -U, which is the amount of the infective agent left undestroyed at the end of each hour, and therefore V-U is the velocity at which infection takes place. The nearer U (the velocity of destruction) approaches V (the velocity of reception), the smaller V -U (the velocity of infection) becomes. . . . . V will of course vary with the source of infection and its distance, and with the conditions of ventilation and humidity. It is now easy to see that for a subject to collect a M. I. D. (minimum infecting dose) of an infective agent he must remain V-.
hours in the same infective environment." V-U While Dudley's idea seems to harmonize with many observed facts it is none the less hypothetical, and experimental demonstration of the principle would be of interest.
The next experiments deal, therefore, with the question of communal activity of bacteria and effect of summation of dosage from the test-tube standpoint. fig. 4 . An undoubted communal activity is apparent which bears a distinct relationship to the amount of the medium. It is seen that 400,000 bacteria placed in 5 cc. of medium multiplied and reached o in 24 hours; the same number placed in 10 cc. of the medium had diminished to 240,000 at the end of 24 hours. Eventually conditions became uniform. This experiment is charted in Text-fig. 5 . The result corresponds in a general way with that of Experiment 7 and shows that the growth phenomena are not in direct proportion to the amount of the medium.
The next experiments deal with the growth resulting from addition of several successive inocula to the same tube. A study of this protocol clearly indicates synergistic activity. It is seen that doses of bacteria which in separate tubes were decreasing in number increased when brought together.
The last three experiments show in brief that, ceteris paribus, the minimal infecting dose of bacteria as defined in Experiments 4 to 6 varies not only with the total volume of the medium but depends also on whether the entire dose is received at once or in successive fractions. As indicated in Experiment 9, the matter is extremely complex and is evidently bound up with the question of variations in growth activity and latent period, but a test-tube analogy is furnished for the hypothesis (Dudley) that in human disease the infecting dose may be acquired fractionally and must reach a certain total concentration before growth occurs. This fact may have a bearing on the matter of adequate and potential contact which has been discussed above. It has been demonstrated experimentally that the greater part of a dose of bacteria placed in the upper air passages of human beings is rapidly eliminated within a few hours (12) . Close association, with the acquisition not only of larger doses but of doses in more rapid succession, would accentuate the effect of summation and tend to emphasize the critical limit between adequate and potential contact.
Latent Period.
By lag, or the latent period in the growth of bacteria, "is meant the interval which elapses between the time of seeding and the time at which maximum rate of growth begins" (Chesney (13)). This biological phenomenon has been extensively studied and reference is made to the paper of Chesney (13) for the recent literature. In brief it may be said that when bacteria are transferred to a new medium the maximum rate of growth is not immediately attained but a preliminary period elapses during which there may be "slow growth, no growth, or an actual diminution of viable organisms." If, however, a culture is transferred to a suitable medium at the time of its most active growth there is no period of lag and multiplication immediately progresses at the most active rate. In the case of pneumococcus Chesney found the duration of the lag period to be about 4 to 6 hours if the transfer was made after the period of maximum growth had been passed.
As far as we know, the direct bearing on human infection of this phenomenon of lag has not been seriously considered. Yet it seems of the utmost importance as we have pointed out elsewhere (14) . If one considers the course of an infection such as acute tonsillitis it is hardly possible to believe that the streptococci concerned maintain the same degree of vegetative activity throughout the disease. If a throat culture is made on the day before onset only a few streptococci may be recovered, but with the increase of the infection one immediately finds innumerable bacteria. Clearly there is extremely active growth at this time. After the subsidence of the acute disease fewer and fewer organisms are found and finally when a focal tonsillar carrier state is established few or no streptococci may be obtainable from the surface of the pharynx or tonsil and it may be necessary to aspirate the crypts to obtain the bacteria in question (15) . It seems inconceivable that rapid growth is going on when the patient has reached the chronic carrier state. A sluggish multiplication probably continues in the depths of the tonsil and the organisms which are discharged to the outside world are certainly not in a highly vegetative state. Were they, there would be some evidence of surface multiplication on throat culture.
In the case of the respiratory tract there exists a highly effective mechanism for the elimination of bacteria which enter this region. This matter has been discussed in detail elsewhere. Suffice it to say that it has been shown that unless an active adaptation takes place within a few hours between the entering organisms and the mucous membrane of the host, the bacteria will be eliminated, passive persistance of germs in the upper air passages cannot occur for any length of time (16) . It may be then that bacteria from a chronic carrier which enter the air passages of another person in a state of lag may be eliminated before active vegetative growth can be resumed. Such considerations might explain the evident difference in the number of infections which usually follows contact with active respiratory disease on the one hand and carriers on the other as illustrated for example by the epidemics of streptococcus respiratory disease which swept through the army camps.
The next experiments were designed to test the power of comparable numbers of bacteria, actively growing on the one hand, and in lag on the other, to produce test-tube infection. This was arbitrarily defined as visible growth in a standard tube of broth in 24 hours.
Experiment 10.-48 hour blood agar culture of Streptococcus 205 transferred to meat extract broth pH 7.4. 2 hours later, at a time when culture presumably was in lag, decreasing amounts were inoculated into sets of three tubes of meat extract broth. 2 hours later a second set of inoculations was made. It is seen that 68,000 bacteria from the lag culture was the minimum infecting dose whereas from the same culture 2 hours later 1,600 bacteria produced visible growth in 24 hours. In this experiment as few as 400 organisms from an active culture produced infection in 24 hours whereas innumerable viable bacteria (as determined by preliminary plating) from a culture in lag failed to infect. At the end of 5 days, however, growth had occurred in all the lag tubes.
In both Experiments 10 and 11 a relatively unfavorable medium was employed. With meat infusion broth which is highly favorable for this organism no striking difference in growth could be demonstrated between 4 hour, 48 hour, and 4 day cultures; all of them produced infection in minimal amounts (Experiments 1 to 3).
At this point reference must again be made to Experiment 4 (Text- fig. 1 ). It is seen that an initial inoculation of 80,000 bacteria led to no growth and the plating yielded no colonies at 24 hours. With an initial inoculation of 160,000 the count was 8,000 at 24 hours and 5 at 48 hours. During the next 24 hour period, however, the surviving 5 bacteria multiplied with great speed and macroscopic growth with innumerable colonies was attained at 72 hours. There was clearly some marked difference in the state of growth activity of the 80,000 bacteria, which all died in 24 hours, while 5 survivers in the same medium were eventually able to grow.
Similar phenomena referable to variations in growth activity are evident throughout the entire series of experiments and probably play an important part in Experiment 9.
If a state of affairs analogous to that brought out in the preceding experiments holds in human infection certain problems are perhaps made clear. In Experiment 11 there were required to produce infection thousands of times more bacteria in lag than from an actively growing culture. If the organisms harbored by chronic carriers are in lag it is apparent why, under average conditions of contact, infection does not spread, whereas an epidemic of acute cases with actively vegetative organisms once started leads to progressive spread even with the same conditions of exposure of susceptibles. On this basis one may readily explain the start of an epidemic without assuming any preliminary alteration in virulence of the bacteria, a consideration which has always been a puzzle in epidemiology.
One may compare an outbreak of tonsillitis with an epidemic of milk-borne septic sore throat. In the latter case the incidence of infection among those drinking the infected milk is high; at the same time the organisms can in no sense be regarded as specially adapted to a human environment. They are derived from the infected udder of the cow whence they are discharged into the milk. However, when the human being drinks such infected milk he receives not only a huge dose of streptococci but also streptococci which are in a favorable medium and in a state of very active growth. On the other hand, in the case of tonsillitis, a disease caused by apparently identical organisms, despite the fact that infection is spread directly from person to person the cases remain sporadic in type even when the community is replete with carriers. But again epidemics of streptococcus respiratory disease may occasionally occur though only under conditions of extreme crowding or when susceptibility is generally lowered by a previous infection such as influenza or measles.
It seemed of interest to produce in the test-tube an "epidemic" starting from a "carrier" without needing to assume alterations in "virulence" of the bacteria. The following experiment was planned. To represent the chronic carrier from which the epidemic was started an old culture of Streptococcus 205 was used. Tubes of meat extract and meat infusion broth represented relatively susceptible and insusceptible people. A 6 hour culture in meat infusion broth represented an organism actively growing as in a case of an acute disease. In the preceding experiments an attempt has been made to work out on a mathematical basis certain laws of "test-tube infection" with special reference to the relation of dosage and activity of culture to resulting growth in favorable and unfavorable media. It has been shown that neither lag nor dosage is of great importance when dealing with a highly favorable medium, but that with an unfavorable medium both determine very directly the outcome of the inoculation.
Certain analogies have been drawn between these test-tube results and the observed phenomena of human and animal infection. If conditions are actually similar in the latter there is a simple explanation of several of the puzzles of epidemiology. It becomes intelligible why a carrier of pathogenic bacteria may reside in a community without producing infection of the susceptibles about him in spite of the fact that they actually acquire the organisms, why crowding results in the spread of infection, and why the introduction of unusually susceptible people into a community where carriers are present leads not only to infection of these susceptibles but to infection of the general population.
The experiments further raise the query whether alterations in natural vegetative activity of bacteria as well as specific alterations in virulence are of importance in explaining the spread of infection.
Finally, it should be said that the present experiments are not regarded as evidence for any hypothesis of human infection. They merely furnish interesting analogies. Further work with animals along the same lines is in progress.
